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Optical Spectrum Analyzer 
Cross-Reference To Related Applications 

[l.]This application claims priority of U.S. Provisional Patent Application No. 
60/426,389 filed November 15, 2002, entitled "Optical Spectrum Analyzer using Tunable 
Filter plus AWG" which is incorporated herein by reference for all purposes. 

Field of the Invention 

[2.] The present invention relates to an apparatus and a method for detecting channel 
information; and, more particularly a method for monitoring channel status or detecting 
location and a number of working channels from a wavelength division multiplexed 
(WDM) signal or for determining within limits, the wavelength or wavelengths of light of 
an incoming optical signal without requiring wavelength selective photodetectors. 

Background 

[3.] When managing, maintaining and monitoring the performance of an optical network 
it is important to know the status of individual channels. Switching and recovering 
operations should be rapidly performed in accordance with a channel status when there is 
an error in an optical network, as information is transmitted through transmission 
channels at very high speeds, for example 10 Gbps or more than 10 Gbps. Thus, the 
status information for each channel should be monitored rapidly, and correctly and in an 
economical way. Channel monitors and optical spectrum analyzers are well known in the 
art. Some optical spectrum analyzers are capable of scanning through a series of channels 
and analyzing a single channel at a time; others, are capable of processing more than one 
channel at a time. Some spectrum analyzers can be configured to monitor networks of 
channels and provide information about a wavelength of one or more channels or can be 
configured to provide information regarding the presence or absence of particular 
channels. 
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[4.] One spectrum analyzer is described United States patent 5,617,234 issued April 1, 
1997 in the name of Koga et al. discloses a multi-wavelength simultaneous monitoring 
circuit capable of precise discrimination of wavelengths of a wavelength division 
multiplexed (WDM) signal, and suitable for optical integrated circuits having large 
resistance to vibration. The device proposed by Koga is an arrayed waveguide grating 
(AWG) based device having photo detectors coupled to output ports of the AWG. 
Although Koga's device shares certain similarities with the invention described hereafter, 
it is believed that this invention provides a low cost spectrum analyzer that requires fewer 
costly detectors while providing adequate response time. 

[5.] Since spectrum analyzers can provide varied functionality, it is desired to have one 
which requires low power, and which is compact and robust. 

[6.] It is an object of this invention to provide a device for acquiring wavelength 
information for a plurality of channels having different center wavelengths, and wherein 
the device requires substantially fewer photo detectors than the number of channels it can 
resolve. 

[7.] It is an object of this invention, an optical spectrum analyzer is provided that yields 
wavelength information about one or more channels simultaneously, or can be used in a 
more general sense to provide status information regarding the presence or absence of 
one or more channels from a group of channels. 

Summary of the Invention 

[8.] In accordance with the invention, an optical spectrum analyzer for analyzing at least n 
wavelengths of light is provided, comprising: 

a tunable filter having an input port and an output port and a periodic output 
response with a free spectral range Fsr and having a bandwidth B; 
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an AWG optically coupled to receive light from the output port; and for 
distributing the light spatially at other locations in a wavelength dependent manner, and, 

a plurality of m detectors optically coupled with the AWG for detecting 
wavelength or channel information, wherein m<n when a single detector is associated 
with a single wavelength and wherein m<2n when two detectors are associated with a 
single wavelength. 

[9.] In accordance with the invention, there is further provided, an optical spectrum 
analyzer comprising: 

a resonator for receiving an input optical signal and for providing an output 
optical signal having an output response that is substantially periodic in intensity with 
respect to wavelength such that light within a first group of spaced channels is 
substantially attenuated while simultaneously a second group of spaced channels are 
substantially un-attenuated, said second group of channels being substantially 
periodically spaced in wavelength; 

an array of m detectors, for detecting the light within the second group of 
periodically spaced channels; and, 

an arrayed waveguide grating having an input port for receiving the output signal 
from the resonator and having at least m/2 output ports to provide m/2 output signals to at 
least m/2 distinct locations, light provided to the m/2 distinct locations being optically 
coupled with the m detectors. 

[10.] In accordance with another aspect of the invention, there is provided, a method of 
providing wavelength information related to an optical signal having a plurality of 
channels of information encoded therein, wherein each channel has a center wavelength 
spaced from an adjacent channel, the method comprising the steps of: 

a. launching a multiplexed optical signal including the plurality of channels 
of information into a tunable periodic filter to yield a periodic signal 
wherein a first group of the channels are discernable from others; 

b. receiving the periodic signal and spatially demultiplexing the first group of 
channels; 
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c. detecting with an array of spatially separated detectors information related 
to the first group of channels; 

d. tuning the tunable filter to yield a second periodic signal, wherein a 
second group of channels is discernable from the first group; 

e. receiving the second periodic signal and spatially demultiplexing the 
second group of channels; and, 

f detecting with the array of detectors information related to the second 

group of channels, wherein same detectors used in step (c) are used in step 
(f) for detecting. 

Brief Description of the Drawings 

[11.] Exemplary embodiments of the invention will be described in accordance with the 
drawings in which: 

[12.] Fig. 1 is a drawing of a prior art optical filter illustrating the demultiplexing an 
input signal having 50 GHz channel spacing and having output signals with 200 GHz 
spacing. 

[13.] Fig. 2 is a drawing of a spectrum analyzer in accordance with the invention 
fabricated within a planar substrate having waveguides thereon. 

Detailed Description of the Invention 

[14.] Prior art Fig. 1 illustrates a demultiplexing system wherein densely multiplexed 
channels are demultiplexed simultaneously using successive demultiplexers. By way of 
this arrangement, separate detectors would be required for each demultiplexed channel, 
thereby requiring n detectors to detect n channels of information. 
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[15.] Turning now to Fig. 2 a spectrum analyzer is shown, having an input optical fiber 
8 coupled to an end 9 of a waveguide block 10 for launching a signal to be analyzed 
therein. 

[16.] The optical fiber 8 is optically coupled to an input waveguide 12 at an edge of the 
waveguide block 10. A microlens not shown can be provided at the end of the optical 
fiber 8 or alternatively the end of fiber 8 may have its core thermally expanded to lessen 
coupling losses between fiber 8 and the waveguide 12. The coupling receiving end of the 
waveguide 12 can also have its core expanded to match the fiber 8 or may have a 
microlens formed within the end. 

[17.] A tunable waveguide periodic filter in the form of a tunable ring resonator 14 is 
disposed to receive the light propagating along the waveguide 12 and to filter the light so 
as to provide an output signal having a spectrum that is a substantially periodic as a 
function of wavelength in output waveguide 15. A resistance heater (not shown) is 
provided adjacent to the ring resonator 14 for controllably varying its optical path length 
thereby varying the FSR only slightly allowing the output to vary in such a manner so as 
to provide a different group of channels at its output. For example, in an unheated state, 
the ring resonator may output channels 1, 6, 1 1, and 16, and after being heated a 
predetermined amount, may output channels 2, 7, 12, and 17; the heater thereby 
providing a means of controlling which groups of output channels are selected for 
detection. Alternatively, this periodic filtering function could be performed by a switch or 
switches used for switching groups of channels 1, 6, 1 1 followed by 2,7, and 12, followed 
by 3, 8, and 13, etc. This embodiment would be more complex and likely more costly 
than utilizing an etalon or a ring resonator to provide a periodic output response with 
wavelength. 

[18.] On block 10, an integrated arrayed waveguide grating (AWG) 16 is shown 
disposed in a horseshoe configuration, for spatially resolving and demultiplexing the 
incoming periodic stream of input signals received from the output end of the ring 
resonator 14. In the embodiment shown in Fig. 2 the AWG has m/2 output waveguides, 
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only a few of which are illustrated, for clarity, 16a, 16b, and 16c. Conveniently, in this 
configuration, the input waveguide 12 and the output waveguides 16a, 16b, and 16c are 
all disposed at a same end of the device, which is preferable for a more convenient less 
expensive package. For example, hermetically sealing a package with leads at only one 
end is more convenient and generally results in a more reliable device. 

[19.] A birefringent crystal beam-splitter (BCB) 18 is coupled to an end face of the 
block 10 for polarization demultiplexing signals carried on the output waveguides 16a, 
16b and 16c into two linearly orthogonal polarized signals for each signal carried on each 
of the output waveguides. Hence m linearly polarized output signals can be provided. The 
BCB 18 is optional and is not required when specific information regarding the 
polarization is not required. Of course the advantage of examining the power in each 
polarization component is to have the analyzer provide a result, which normalizes for or 
cancels the polarization dependence of the waveguide components. 

[20.] In Fig. 2, an array of m detectors is optically coupled to the birefringent crystal, 
wherein m<2n when two detectors are associated with a single AWG output waveguide 
e.g. 16a. In the instance where the BCB 18 is not provided, there is only one detector 
associated with a single AWG output waveguide, e.g. 16a, m<n. It should be noted that 
when optical signals corresponding to channels 1, 6, and 1 1 for example, are output by 
the tunable ring resonator 14 at time tl, these channels can share waveguides 
respectively, with signals corresponding to channels 2, 7, and 12 output at a later time t2. 
By time multiplexing and sharing detectors in this manner, fewer detectors (m) are 
required than the number of channels (n) the system can put through or process. 

[21.] By way of example, the tunable ring resonator 14 has an FSR of 500 GHz, which 
covers the C-band of approximately 5000 GHz with up to 50 channels separated by 
100GHz. In this instance at least 10 output detectors are required. Notwithstanding, there 
are several different AWG configurations that can be provided; for example, AWG 
output ports or waveguides could be segmented into 13 groups of 400 GHz wide 
spectrally, for providing 5200 GHz of total wavelength coverage and free spectral range 
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greater than 5200 GHz. Thus, when optical signals corresponding to channels 1, 6, 1 1, 
16, . . ., 46 for example, are output by the tunable ring resonator 14, they appear on the 
AWG outputs 1, 2, 3, 4, 6, 7, 8, 9, 1 1 and 12 respectively. Now when the ring resonator is 
tuned to pass channels 2, 7, 12, . . ., 47, they will appear on AWG outputs 1, 2, 3, 5, 6, 7, 
8, 10, 11 and 12 respectively. This tuning continues until the channel 1 reappears on 
AWG output 1 and the cycle is complete. 

[22.] Alternatively, the AWG could have 14 outputs each 200 GHz wide. Note that 
the AWG FSR is not a multiple of the tunable filter FSR. Therefore only one resonance 
peak of the tunable filter will transmit to output number 1 of the AWG, for example 
allowing >5200 GHz total wavelength range. In this case, when optical signals 
corresponding to channels 1, 6, 1 1, 16, . . ., 46 for example, are output by the tunable ring 
resonator 14, they appear on the AWG outputs 1, 3, 6, 8, 1 1, 13, 2, 4, 7 and 9 
respectively. Now when the ring resonator is tuned to pass channels 2, 7, 12, . . ., 47, they 
will appear on AWG outputs 1, 4, 6, 9, 1 1, 14, 2, 5, 7 and 10 respectively. This tuning 
continues until the channel 1 reappears on AWG output 1 and the cycle is complete. 
Other combinations of AWG channel spacing and FSR are possible. 

[23.] In operation, polarization splitting, by utilizing the birefringent crystal block 1 8, 
to eliminate polarization-dependent loss (PDL) works by separately detecting the TE and 
TM polarizations. In most instances the two polarizations will experience different 
polarization dependent losses (PDL) and different polarization dependent wavelength 
responses (PDA,) through the tunable filter 14 and through the AWG 16 due to 
birefringence and asymmetry in the waveguides. Notwithstanding it is possible to 
calibrate the two linearly orthogonal TE and TM responses separately. The measured 
data can then be adjusted before combining the TE and TM responses to obtain the total 
input spectral distribution (TE+TM). Optical spectrum analyzer (OSA) type applications 
require very low PDL (<0.2 dB) and PDA, (<2 GHz), which would be difficult or 
impossible to meet with existing waveguide technology without some PDL mitigation 
scheme such as proposed here. Other polarization splitting arrangements could be 
envisaged, for example using waveguide polarization splitters instead of the birefringent 
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block 18, or placing the polarization splitting function at the input and having two tunable 
filters 14 and two AWG's 16, one for each polarization. The use of waveguide 
polarization splitters would allow fiber coupling of the outputs using standard optical 
fiber, if it is desired to have the detectors remote from the waveguide. Yet another 
polarization splitting alternative is to use polarization maintaining fiber at the outputs or 
input(s), and to use fiber optic polarization beamsplitters. 

[24.] It should be noted that the output ports of the AWG 16 can be actual waveguides 
or can be locations at an edge of the AWG coupled with detectors. 
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